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Abstract 

Stationary quantum stochastic process j is introduced as a *- 
homomorphism embedding an involutive graded algebra K = (BfZiKi 
into a ring of (abelian) cohomologies of the one-parameter group a 
consisting of *-automorphisms of certain operator algebra in a Hilbert 
space such that every x from Ki is translated into an additive i — a- 
cocycle j(x). It is shown that (noncommutative) multiplicative marko- 
vian cocycle defines a perturbation of the stationary quantum stochas- 
tic process in the sense of such definition. The -Bo-semigroup $ on the 
von Neumann algebra Af associated with the markovian perturbation 
of K-Q.ow j posseses the restriction (3\_\f , Mo C J\f, which is conju- 
gate to the flow of Powers shifts associated with j. It yields for j3 an 
analogue of the Wold decomposition for classical stochastic process on 
completely nondeterministic and deterministic parts. The examples of 
quantum stationary stochastic processes on the algebras of canonical 
commutation, anticommutation and square of white noise relations are 
considered. In the model situation of the space L 2 (R) all markovian 
cocycles of the group of shifts are described up to unitary equivalence 
of perturbations. 

The work was supported by INTAS-00-738 



1 Introduction. 



Let v be a measure on the real axe R. Denote S = (St)t£R the 
flow of shifts acting on the measurable functions / on R by the for- 
mula (Stf)(x) = f(x — t), x,t G R. Then given a number r G R 
the function I r (t) = v{[r,r + t]), i € R, is a 1 — 5-cocycle, i.e. 
I r (t + s) = I r (t) + St(I r {s)), t,s G R. Analogously fixing num- 
bers ri,...,rfc G R we get that the function I n ...r k (*i> • • • ; tk) = 
I ri (ti)St 1 (Ir 2 (t2)St 2 (- ■ ■ Ir k (tk) ■ ■ •)> ^* £ ^> associated with the ten- 
sor product is a — S'-cocycle with the characteristic property 
S tl (I(t 2 , . . . ^k+^-Iitx+h,^, . . . ,t k ) + . . . + {-1^1^!, . . . ,t^ 1: ti + 
ti+i,t i+2 , • • • ,tk+i) + • • • + (-l) k I{ti, . . . ,t k ) = 0, U G R. One can 
consider a ring of cohomologies H* = ®H l generated by the mea- 
sure v in this way. The canonical bilinear map 

H t+:) , Xi G H l ,Xj G defining a ring structure in H* can be ob- 
tained from the action of S by the formula (xj U Xj)(ti, . . . = 
a? i (ti,...,ti)5 , tl+ ... + t i (a;j(t»+i,...,ti+j)) (see @). We consider a 
graded algebra of cohomologies A = ©£^]Aj such that ^ consists of 
additive i-cocycles of the group of automorphisms a associated with 
stationary quantum stochastic process j over an involutive algebra 
K. In our construction A\ is generated by the basic operator-valued 
stochastic measures which are the creation, anihilation and number 
of particles processes in the important applications. Given an invo- 
lutive algebra K we put K i = K and construct the graded algebra 
K = ®'^ 1 Ki with respect to a certain linear associative operation 
: K i x Kj — > Ki + j. In the case when K is a Lie algebra one can 
choose the universal enveloping algebra for K. We define a station- 
ary quantum stochastic process as a *-homomorphism j of K into the 
standard ring of (abelian) cohomologies of the group a such that every 
x G Ki is maped to an i — a-cocycle j(x). The homomorphism j trans- 
feres the operation in K to the cohomological multiplication U. We 
consider a class of cocycle perturbations of j by markovian cocycles. 
The markovian cocycle perturbation of i^-flow constructed through 
our procedure determines the associated £t)-semigroup P ° n the von 
Neumann algebra Af which posseses the restriction (3\j\f , Mo C M, 
conjugate to the flow of Powers shifts associated with the initial in- 
flow. Using the technics of [1C], it is possible to extract an automor- 
phic part of the -Bo-semigroup. Hence our result defines an analogue of 
the Wold decomposition for classical stochastic process on completely 
nondeterministic and deterministic parts. We give several examples 
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where j determines quantum stochastic processes on the algebra of 
canonical commutation or anticommutation relations and the square 
of white noise correspondingly. The basic ideas are illustrated on the 
model of markovian perturbations for the group of shifts in L 2 (R). 
In this case the associated markovian cocycles are constructed in the 
explicit form by means of the inner function techniques. 

2 Markovian perturbations of the 
group of shifts in L 2 (M). 

Let S = (St)teR be a strong continuous group of unitary opera- 
tors on a Hilbert space TL. A strong continuous family of unitaries 
W = (Wt)teR hi TL is called a multiplicative 1 — S — cocycle if 
W t+S = W t S t W s S- t , s,t G R, W = I. The cocycle W is said to be 
a multiplicative 1 — S — coboundary if there exists a unitary opertor 
J defining W by the formula W t = JS t J*S^ t , t G R. Every multi- 
plicative cocycle W determines a new unitary group U = (Ut)t£M. hi 
TL by the formula Ut = WtSt, t € M. This group can be named a 
cocycle perturbation of S. Notice that if W is a coboundary, then 
WtSt = JStJ*, t £ R, i.e. the coboundary determines the pertur- 
bation which is unitary equivalent to the initial group. Consider the 
group of shifts S = (St)teR acting in the Hilbert space TL = L 2 (]R) by 
the formula (Stf)(x) = f(x + t), f € TL. The group of cohomologies 
H l (S, L 2 (M)) is generated by an additive 1 — S — cocycle x = (xt)teR 
defined by Xt(x) = 1, — t < x < 0, Xt(x) = otherwise. The cocycle 
X satisfies the characteristic properties Xt+s = Xt + StXs, \\xt~ Xs\\ = 
2\t — si 1 / 2 , t, s G R. Let TLt be a subspace of TL generated by all 
functions with supports belonging to the segment [— t, +oo). Notice 
that TLt = StTLoi t G R. We shall call the multiplicative cocycle W 
by markovian if Wtlnetit = I, t > 0. This property means that 
W doesn't perturbe "a future" of the system. The Markov property 
for perturbations was introduced in Using the cocycle property 
W-t = StW^S-ti i £ K, we can rewrite the condition of markovianity 
in the form W-t\-HQH = I- t > 0. It garantees that linear operators 
Vt = XJ-t\uo-, t > 0, are correctly defined and form a Co-semigroup 
of isometries V in the Hilbert space TLq. We call V by a semigroup 
associated with the markovian cocyle perturbation of S. Given a Co- 
semigroup of isometrical operators V in the Hilbert space TLo, one can 
define the Wold decomposition TLq = Tv^> ®TL^> on the subspace TL^ ' 
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reducing V to the semigroup of unitary operators and the subspace 
7^(!) reducing V to the semigroup of completely nonunitary operators 
isomorphic to the semiflow of right shifts in K, L 2 (R + ), where JC 
is a Hilbert space with the dimension equal to the deficiency index 
of the generator of V (see [0). The semigroups Vl^o) and V^-^i) 
can be named a unitary part and a shift part of the semigroup V 
correspondingly. 

Proposition 2.1. The deficiency index of the generator of the 
semigroup V associated with the markovian cocycle perturbation of S 
equals 1. 

Proof. 

Consider a family of functions Ct = W-tX-u t > 0> where x is the 
additive 1 — S'-cocycle defined in the begin of the section. It follows 
from the definitions of x an d W that the family £ is continuous. Then 

Ct +S = W-tsX-t-s = W-tS-tWsStix-t + S-tX-s) = W-tx-t + 
W-tS-tW- s X-s = Ct + VtCs, t, s > 0, where we have used the identity 
W- s StX-t = StX-t, s,t > 0, following from the markovian property 
of W in the form W- s \-hq-h = I. Hence C = (Ct)t>o is an additive 
1 - F-cocycle. Notice that (V tn ( u Ct) = {W- t S-tV t{n „ x) CuW-tX-t) = 
{S -tVt(n-i)Qi X—t) = 0, n G N, t > 0. Therefore the sum Ct = 

^T, e~ tn VtnCt is well defined and we can write the integral sum £ = 

n=0 

lim& = / e^dQ. It follows that V t *£ = e _ *£. So we have proved 
t->0 Q 

that the deficiency index of the generator of V more or equal to one. 
Let TLq be a subspace of TL generated by U s Ct, s,t > 0. The cocycle 
property Ct+s = Ct + VjCs = Ci + U-tCs, s, t > 0, leads to the invariance 
of ft c under the action of U t , t € R. Moreover U t ( t = W t S t W-tX-t = 
WtStW-tS-tStX-t = StX-t = -Xt, t > 0. Hence HeH C H ( . Put 
ftC 1 ) = H^DHo, then the subspace = H G is invariant 
under the action of Ut, t G R. Hence the restriction V[ W (o) consists of 
unitary operators. We get the Wold decomposition Ho = © 
for the semigroup of isometries V. Therefore the index of V equals 
the index of V|^(i) which is one. 

Theorem 2.2. Let W be a markovian cocycle, then there exists 
s — lim W-t = W-oo and an isometrical operator W-oo defines the 

Wold decomposition H = H (Q) for the semigroup V associated 
with the markovian perturbation by W such that TL^ = W-oqTLo- 
Proof. 
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Firstly we shall apply the technics which is anlogues to one in the 
proof of theorem 2.5 in §. Notice that W- t -,f = W- s S- s W- t S s f = 
W_ s f for all / G H Q H- s , s,t > by the markovian property. 
Hence the sequence W-tf converges when t tends to +00 for the dense 
set of vectors /. Therefore the limit exists by the Banach-Steinhaus 
theorem. One can see that the subspace H^ = V t>oW-t(Ho © H-t) 
is generated by the functions Ct = W-tX-u t > 0, which form an 
additive 1 — IZ-cocycle with the orthogonal increaments (see the proof 
of Proposition 2.1). It follows that the restriction of V to H^ is 
unitary equivalent to the semiflow of right shifts in L 2 (R) . 

Let V be a subspace of Ho invariant under the action of the semi- 
group of right shifts S' = S*\n - Then (see [17]]) V = MqHq, where 
J-~ 1 MqT is the operator of multiplication by an inner function 0, 
J- is the Fourier transform. Notice that Mq is an isometrical opera- 
tor. Denote P\o,t] an d P[t,+<x>) the orthogonal projections on the spaces 
HoQH-t and H-t, t > 0, correspondingly. Given a unitary Co-group 
R = (Rt)teM i n t ne Hubert space Ho © V, define a family of unitary 
operators in 7io by the formula 

W„ t = (R t P Hoe vSt + iV)^t,+oo) + M Q P m , t > 0. (2.1) 

In the following proposition we introduce the model describing all 
markovian cocycles up to unitary equivalence of perturbations. To be 
exact, for every markovian cocycle W there exists the markovian cocy- 
cle W of the form given in the proposition such that Wt = JtWu ^ G M, 
where the 1 - [7-coboundary J t = JW t S t J*W- t S~t, t G R, of the 
group U = (WtSt)teR is defined by the unitary operator J satisfying 
the relation W t S t = JW t S t J*, t G R. 

Proposition 2.3. The family W given by (2.1) in T~Lq and acting 
identicaly in HQ TCo defines a multiplicative markovian cocycle such 
that lim W-tf = M e / for f G H and lim W- t f = f for f G 

Ti. © Ho- The unitary part of the semigroup V associated with the 
markovian cocycle perturbation by W is R. 
Proof. 

Extend the family W defined in (2.1) for t > by the formula 
Wt = StW! t S-t, t > 0. Consider the set of unitary operators Ut = 
W t S t , t G R. Notice that U- t M e = M Q S- t , U- t f G V, / G Ht, t > 
0. Hence the subspace C = V © (H Ho) is invariant under action of 
Ut, t G R, and the restriction U\c is unitary equivalent to the group 
S. To complete the proof notice that the restriction U to the subspace 
H eV = HeC coincides with R*. 
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Theorem 2.4. Given a unitary group R which is uniformly con- 
tinuous or has a pure point spectrum, there exist the inner function 
and the unitary group R in the Hilbert space TLqQMqHq unitary equiv- 
alent to R such that the markovian cocycle (2.1) satisfies the condition 
W t -I es 2 , t G R. 

Theorem 2.4 for the case of uniformly continuous R can be found in 
The proof for R with a pure point spectrum is also constructed 
in cited papers in the implicit form. One can compare the condition 
W — I G S2 on the unitary operator W appearing in the theorem with 
the Feldman criterion on the equivalence of Gaussian measures (see 
|12], |i~3|| ) and the Araki criterion of the quasi-equivalence for quasifree 
states of the algebra of canonical commutation relations (see |7]]). It 
seems that the unitary operators W satisfying our condition translate 
equivalent states one to another. It is also useful to notice that the 
condition Wt — I G s 2 , t G R, is nessesary and sufficient for the family 
W = (Wt)teR to define an inner cocycle on the hyperfinite factor 
generated by a quasifree representation of the algebra of canonical 
anticommutation relations (see |5[,p^1). 



3 Stationary quantum stochastic pro- 
cess as *-homomorphism into a ring of 
cohomologies . 

Let K be an involutive algebra and Ki = K® % . Supply the family 
(Ki)fJ*^ with a linear associative operation defining left and right 
actions of every x G Ki on Kj such that xQy, y x G Ki+j, y G Kj. 
We assume that KiQKj = K~i + j, i,j G N. So we obtained the graded 
algebra K = ©g^-ftTj with respect to the multiplication defined by 
the operation 0. If K is a Lie algebra, it is possible to take the 
unversal enveloping algebra for K and the multiplication in K for 0. 
Consider a one-parameter ^-continuous group of *-automorphisms 
a = (a.t)t<=M. on the algebra B(TC) of all bounded operators in a Hilbert 
space H. Suppose that the action of a can be correctly defined on 
certain involutive algebra Ai consisting of linear operators (in general 
unbounded) in Tt. Consider the standard resolvent for a constructed 
from nonhomogeneous chains such that (see (b|]) 

— ► M — * Hom(WL, M) ^ ... — ► Hom(R\ M) . . . 
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where dk(x)(h, . . . ,t i+ i) = a h (x(t 2 , . . . ,U + i)) - x{t\ +t 2 , ■ ■ -,t i+1 ) + 
. . . + (-lfxih, . . . ,ti), x = x(tx,...,ti) G Hom(W,M). De- 
note Ai = kerdi/ Imdi-i, then A = ffi^t^Aj is a ring with re- 
spect to the multiplication defined by a bilinear map (x,y) -H 
x(ti, . . . ,ti)a tl+ ,„ +u (y(t i+ i, . . . ,t i+j )) E A i+j , x G Aj, yeAj. 

Every *-homomorphism j of the graded algebra K into the graded 
algebra A such that every x G i^i is translated into an i - a-cocycle 
j(x) we shall call by a stationary quantum stochastic process over the 
algebra K. Notice that our definition is based upon the well-known 
one given in Q. It is also useful to remark that we don't need — a- 
cohomologies in our construction. Sometimes we can recognize two 
processes j and j determining the cocycles j(x) and j(x) differ on the 
coboundary for the fixed x as obtaining one from other by a shift in 
time. For example, given a stationary quantum stochastic process j 
the 1 — a-cocycle j(x)(t) is differ on the coboundary ait(j(x)(r)) — 
j(x)(r) from the 1 — a-cocycle j(x)(r + t) —j(x)(r) which is associated 
with the stationary quantum stochastic process j obtained from j by 
a shift in time on r. In applications we claim that j keeps the basic 
algebraic structure in K and the mutiplication in K but we do not 
need to require for j the preserving of the multiplication in K if it is 
defined (see the next section). We shall suppose that the operators 
involved in the image of j generate whole ftA . 

Proposition 3.1. Let j be defined on K = K\. Then there exists 
a unique extension of j to whole K. 

Proof. 

Notice that j translates the operation in the cohomological mul- 
tiplication U. Denote = j\kh then one can obtain the action of j 
by the induction, 

itt% k+ M y ) = jtil-;tk ( x ) a ti+---+tk (itfc+i,— ,tfc+; (y))' 

for all x G Kk , y G K\. Here we use the property Ki Kj = Ki + j . 
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4 Stationary quantum stochastic pro- 
cesses on the algebras of canonical com- 
mutation relations, the square of white 
noise relations and canonical anticom- 
mutation relations. 

Consider an involutive Lie algebra K generated by the elements 
B, B+, A, 1 satisfying the relations [B,B + ] = 1, [A, B] = 
—B, [A, B + ] = B + . Let the operation is generated by the mul- 
tiplication in the universal enveloping algebra of K. One can define a 
stationary quantum stochastic process j over K by the formula 

j(B) = b t , j(B + ) = b* t , 

i(A) = A t , = tl, 

where bt,b^,At are the bosonic anihilation, creation and number of 
particles processes (see [^5| ). 

Analogously if K is the Lie algebra generated by the elements 
B~,B + ,M satisfying the relations of sl2 which are [B~,B + ] = 
M, [M, B^] = ±2i? ± , one can consider the universal enveloping alge- 
bra of K and we obtain the quantum Levy process generated by the 
square of white noise (SWN) constructed in ||], 

j(B-) = b t , j(B+) = bf, 

j(M) = 7 t + n t , 

where the basic processes bt, bf and nt satisfy the relations of SWN, 
b t bf - bfb t = jt + n t , n t b t - b t n t = -2b t , 

ntbf - bfnt = 26+ (bt)* = bf , n* = n t , 

with a fixed parameter 7 > and i £ R. 

The algebra of canonical anticommutation relations (CAR) is gen- 
erated by elements at, ajf, t S E, satisfying the relations ata* + a*a t = 
t A si, ata s + a s a t = 0. A graded algebra K = ©^.fQ can be ob- 
tained in the following way, Ki is a tensor product of i-th copies of the 
algebra of 2 x 2-matrix units. Let elements ak,a^, k £ N, satisfy the 
canonical anticommutation relations a^af + a^ak = S^il, a^ai + aiak = 
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0, k, I G N. Then Ki is generated by dk,a* k , 1 < k < i. Determine a 
canonical operation by the formula x\ X2 . . . x n = y\y2 ■ ■ ■ y n , 
where yi = cij, a*, a*aj, a^a* if Xj = a, a*, a*a, aa* correspondingly. 
Then a stationary quantum stochastic process j can be defined by the 
formula 

j (a) = a*, j( a *) = a t> 
j(a*a) = A t , j(l) = a, 

where at,a*,Af are the basic Fermion processes (see ||). No- 
tice that j satisfies the relations j(a*) = j(a)*, j(a*a + aa*) = 
j{a)*j(a)+j(a)j(a)* = j([a*a,a}) = [j (a* a) , j (a)] = -j(a) = 

at, j([a*a,a*]) = [i(a*a), j(a*)] = j(a ) = a*, but it is not the alge- 
braic *-morphism because j(a*a) ^ j(a)*j(a). 

5 Cocycle perturbations of i^-flows 
and the Wold decomposition. 

We shall use the notation of previous parts of this paper. Remember 
that strong continuous family W = (Wt)t<=R of unitary operators in 
H is named a multiplicative a-cocycle if Wt+ S = Wtat(W s ), s,t £ 
E. Suppose that the action of W is correctly defined on M., i.e. 
W t xW* are well defined for all t 6 R, x G M. Let M t ], M[ s and 
■^■[s,t] be involutive subalgebras of M. generated by all increaments 
of the form j(x)(r) — j(x)(l), x G K\, where I < r < t, s < I < r 
and s < I < r < t correspondingly. We shall call (see also 0]) a 
multiplicative a-cocycle by markovian (with respect to the stationary 
quantum stochastic process j) if WtM. t }Wt C M. t ] an d WtxW^ = x 
for all x € M[ t , t > 0. 

Theorem 5.1. For any markovian cocycle W the formula 

j(x)(t)=j(x)(t), t>0, 

j(x)(t) = W t j(x)(t)W t *, t < 0, 

a t (-) = W t a t (-)W t * , xeKt, t G R, 

defines a new stationary quantum stochastic process j over K with an 
associated group of automorphisms a. 
Proof. 

Analogously to the proof of Proposition 2.1 we obtain 

j(x)(t+s) = W t+s j{x){t+s)W; +s = W t+s (j{x){t)+a t {j(x)(s)))W; +s = 
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W t a t (W s )j(x)(t)a t (W:)W; + W t a t (W s j(x)(s)W;)W t * = 

W t j(x)(t)W t * + a t {W s j{x){s)W:) = j(x)(t) + & t (j(x)(s)), 

s,t < 0. Here we used the identity a t (W s )j(x)(t)a t (W*) = j(x)(t) 
due to the markovian property W s a-t(j(x)(t))W* = 
-a e (Wl 8 )j(x)(-t)a e (W- a ) - -a s (Wl s (j(x)(-t s) 
j(x)(-s))W. s ) = -a s (j(x)(-t - s) - i(x)(-s)) = -j(x)(-t) = 
ct-t(J(x)(t)), s,t < 0. One can extend j(x)(t) for t > using the 
cocycle condition for j(x)(t). It yealds j(x)(t) = j(x)(t), t > 0. To 
complete the proof we only need to apply Proposition 3.1. 
Proposition 5.2. 

&t(x) = ott(x), x G M[q, t > 0, 

a_t(x) = a_j(x), x G .M^, i > 0. 

Proof. 

It immidiately follows from the markovian property of W that 
a t (x) = W t a t (x)Wt = a t (x), x G M[ Q , t > 0. The markovian 
property implies that WtxWj* = x, x G M\t, t > 0, which is equiv- 
alent to a i (VF_ t )*xa t (H / _ t ) = x, x G .M[ t ,i > 0, or Wl t xW- t = 
x, x G .M[o, i > 0, by the cocycle condition for W. Hence 
a_ t (x) = W- t a- t {x)Wl t = a_ t (x), x G _M[ t , * > 0. 

Denote M = M" n M] = A^j H B(W)» Afy = A4g n B(H) 

and A/j s>t ] = .Mj^ ^ D the corresponding von Neumann algebras. 

Notice that N"t+s] = a *(-^ v s]); ^ s £ R- We shall call a stationary 
quantum stochastic process j by a K-flow and the group a associated 
with j by a group of automorphisms associated with K-flow if the 
following conditions hold, 

K] CM], * > s, 
V teR AT t] = TV, 
A teK M] = CI 

(see 0). 

Proposition 5.3. // there exists a vector £1 G TL which is cyclic 
and separating with respect to N and the increaments of a stationary 
quantum stochastic process j are independent in the classical ( commu- 
tative) sence that (f)(xy) = (j)(x)4>(y), x G 7Vj t , y G A/a, t G R, for the 
state (/>(•) = (O, -Q), then j is a K-flow. 
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Proof. 

Choose x G AtgR-A/i] , then cp((x — (p(x)l)y) = cj>(x — <fi(x)l)(f)(y) =0 
for all y G VtgRA/jj = V^rA/^] = A/". Hence (x — <p(x)l)Q = and 
x = 4>(x)l as is cyclic and separating. The result follows from. 

Let von Neumann algebras A^i , J\f[ s ,t] an d N\t be associated with 
the perturbed process j in the same way as the algebras J\f t ] , A/r S) t] and 
A/j t are associated with the process j. 

Proposition 5.4. Let j and W be a K-flow and a markovian 
cocycle correspondingly. Then the markovian perturbation j is also 
K-flow. 

Proof. 

One can see that the von Neumann algebras generated by the 
increaments of j are = WtM t ]W^ C M t ] by the markovian property. 
Hence A^rA/^] = CI. The conditions 

M s] cAf t] , t > s, 

VtgRMj = M 

are satisfied by the definition. 

For a stationary quantum stochastic process j one can name the 
So-semigroup (3t = a-t\j\f p t > 0, on the von Neumann algebra Mq] 
by associated with j. In the case when j is a if -flow, the semigroup 
P = (Pt)t>o is a flow of Powers shifts [18], i.e. A ng N/3tn(A/o]) = CI, t > 



(see JD). Fix a stationary quantum stochastic process j with the 
associated Eb-ssmigroup P- F° r a cocycle W being markovian with 
respect to j we shall call the .Eo-semigroup (3t{-) = W-tf3t(-)W* t , t > 
0, on A/q] by associated with the markovian perturbation of the initial 
process by W. Two Eo-semigroups and (3 on the von Neumann 
algebras A and A correspondingly are called to be conjugate if there 
exist two injective *-homomorphisms 9 : A — > A and 9 + : A — > A such 
that p t (x) = 9 + p t 6(x), 9+6(x) = x, 99 + {y) = y, x G A, y G A, t > 0. 

Theorem 5.5. Given a markovian perturbation of the K-flow j 
with the associated flow of Powers shifts (3 on the von Neumann al- 
gebra A/q] acting in the Hilbert space 7i with a ciclyc vector there 
exists the von Neumann algebra A/o] C A/o] such that the restriction 
^IjVb] °f Eo-semigroup (3 associated with the markovian perturba- 
tion is conjugate to (3. 
Proof. 

Put Tit = [A/j_ t O], t G R, then the set U u t > 0, is dense in 
the Hilbert space 7i. Arguing similarily to the proof of theorem 2.2 
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one can obtain that there exists s — lim W—t = W_oo. Then the 

injective *-endomorphism 6 : Ao] — ► Aqi C A"o] given by the for- 
mula 9{x) = W-txWl t , x G A r [_ i ], t > 0, is well defined because 
W^t~ s xW! t _ s = W- t a-t(W- a )xa- t (Wl a )Wl t = W- t xWl t for all 
x G M-t,o] by the markovian property W- s yWl s = y, y G A/jo, 
which implies that W_ a at(a;)WJ! s = a*(x) for all x G A/r-^oi- It fol- 
lows that lim W- t xWl t f= lim W- t xWl t f = W-^xWlJ for all 

/ G x G A/olj s > 0. Hence the sequence W-txWl t f converges 

when t tends to +oo for all / G TIq] by the Banach-Steinhaus theorem. 
Analogously it is possible to define the injective *-homomorphism 
6+ : Aq] -» A" 0] by the formula 9 + (x) = Wl t xW- t , x G Aj^o], t > 0. 
Notice that 9 + {x) = W* 0Q a;W_ 00 , x G Aqi. One can see that 
/?t(x) = 8f3t0 + {x), x G Ao]. This proves the theorem. 

Earlier it was investigated the existence of " an automorphic part" 
in the quantum dynamical semigroup which is completely compatible 
with the faithful normal state (see [10]). Theorem 5.5 allows to obtain 
"a shift part" of the £t)- sem ig rou P obtained by a markovian cocycle 
perturbation from the flow of Powers shifts. So it can be considered as 
some analogue of the picking out a completely nondetermenistic part 
in the Wold decomposition for the classical stochastic processes. 
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